Purpose The Caribbean population faces a growing burden of multiple non-communicable chronic diseases (NCDs). Breast cancer is the leading cause of cancer death for women in the Caribbean. Given the substantial burden of NCDs across the region, cancer prevention and control strategies may need to be specifically tailored for people with multiple co-morbidities. Preventive screening, such as timely mammography, is essential but may be either facilitated or hampered by chronic disease control. The main objective of this study is to examine the relationship between a chronic disease and timely breast cancer screening. Methods We conducted a cross-sectional data analysis using baseline data from the Eastern Caribbean Health Outcomes Research Network (ECHORN) Cohort Study-ECS. Our independent variables were presence of chronic diseases (hypertension or diabetes), defined as having been told by a clinical provider. Our dependent variable was timely screening mammography, as defined by receipt of mammography within the past 2 years. We examined bivariate and multivariate associations of covariates and timely screening mammography. Results In our sample (n = 841), 52% reported timely screening mammography. Among those with timely screening, 50.8% reported having hypertension, and 22.3% reported having diabetes. In our bivariate analyses, both diabetes and hypertension were associated with timely screening mammography. In partially adjusted models, we found that women with diabetes were significantly more likely to report timely screening mammography than women without diabetes. In our fully adjusted models, the association was no longer significant. Having a usual source of healthcare and a woman's island of residence were significantly associated with timely screening mammography (p < 0.05). Conclusions We found that half of eligible women received timely screening mammography. Diabetes and hypertension, though common, are not associated with timely screening mammography. Usual source of care remains an important factor to timely breast cancer screening.
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Background Among developing regions, the Caribbean is facing a disproportionate burden of non-communicable chronic diseases (NCDs), such as cancer, diabetes, and cardiovascular disease and their associated risk factors. For a majority of Caribbean countries, cancer is the second leading cause of mortality, after cardiovascular and related diseases. Among women, breast cancer is the most common cause of cancer-related deaths [1, 2] . Rates of breast cancer mortality can be improved by early detection and treatment [3, 4] . From previous studies, African-descent and Spanishspeaking Caribbean immigrant populations in Canada, the United Kingdom, and the United States have lower rates of initial breast cancer screening and have delayed follow-up as compared with European/American Whites [4] [5] [6] [7] .
Barriers to timely breast cancer screening have been attributed to determinants of health such as lower levels of education and less access to healthcare [1, [4] [5] [6] [7] [8] . These determinants are likely to influence cancer-related morbidity and mortality in the Caribbean itself. In addition to the influence of social determinants of health, research findings suggest that chronic diseases also influence the likelihood of timely cancer screening; however, the results are equivocal as to whether having a chronic disease facilitates or hinders timely screening [9] [10] [11] . Some studies demonstrate that individuals with existing co-morbidities, such as diabetes, have lower cancer screening rates than those without co-morbidities [10, 12, 13] , and in some cases, those with diabetes have lower screening rates despite having more visits to healthcare providers [9, [14] [15] [16] . A proposed reason for this under-screening includes competing priorities, i.e., more focus on controlling the chronic disease rather than on cancer screening during office visits [15, 17, 18] . Other studies have found no association between having a chronic disease and timely breast cancer screening [9, 11, 19] . However, a few studies have demonstrated that those with chronic disease are more likely to have screening mammography than those without [12, 20, 21] .
Prior research suggests that cancer prevention and control may be challenging in limited resources settings, such as the Caribbean, especially in the context of caring for populations with multiple chronic conditions. It is therefore important to understand how having a chronic disease in concert with other determinants of health may affect timeliness of cancer screening. The Eastern Caribbean Health Outcome Research Network (ECHORN) Cohort Study (ECS)-a population-based cohort study of community-dwelling adults in Barbados, Trinidad and Tobago, Puerto Rico, and the U.S. Virgin Islands-provides the ideal opportunity to better understand breast cancer screening among women with chronic diseases. Our primary objective is to examine the association between having a chronic disease and timely breast cancer screening. Our secondary objective is to identify other factors that hinder or facilitate timely breast cancer screening in this geographic context.
Methods

Data source and sample
We used data from the ECS, a study of community-dwelling adults 40 years and older who identify as permanent or semi-permanent residents of one of the following islands: Barbados, Puerto Rico, Trinidad and Tobago, and the U.S. Virgin Islands (USVI). Semi-permanent residence is defined as having not been away from the island for a period longer than 6 months within the prior 5 years. In application, semipermanent residents are typically individuals who spend part of any 12-month period on island and part of the year elsewhere.
ECS used a multistage area probability sampling frame for all islands to empanel the baseline cohort in three of the four sites. ECHORN:USVI, unlike the other three sites, implemented a simple random sampling design; each member of the population had an equal probability of being in the study. The sampling frame for smaller islands (ECHORN:USVI and ECHORN:Barbados) was the entire island population, while the larger island sites of ECHORN:Puerto Rico and ECHORN:Trinidad restricted sampling to a select number of communities/municipalities. Selected communities/municipalities had similar distributions of age, race/ethnicity, sex, and educational levels to the general island population.
Baseline ECS participants, enrolled between 2013 and 2016, completed a questionnaire to capture self-reported data on socio-demographics, health behaviors, healthcare utilization, medical history, and other domains. Questionnaire items were administered using audio computer-assisted self-interview to maximize validity, providing a private and confidential venue for responding to sensitive questions. Clinical and laboratory data were also collected on each participant. Our sample of interest was all women in the cohort who were eligible for breast cancer screening with complete data.
Measures
Dependent variable of interest: timely screening mammography
We operationalize timely breast cancer screening by measuring timely screening mammography. ECS participants were asked to report the year of their most recent mammography, based on a question adapted from the U.S. National Health Interview Survey [22] . We used the U.S. Preventive Services Task Force (USPSTF) for guidelines to operationalize timely screening mammography [23, 24] . We used the screening guidelines in place at the start of data collection in 2013. As USPSTF recommends the most conservative breast cancer screening guideline, we excluded the age groups in which USPSTF recommends against the service or in which its recommendations were inconclusive. Therefore, any woman age 40-74 who reported receiving a mammography within 2 years of their baseline survey was categorized as having had timely screening mammography [25] .
Independent variable of interest: diabetes or hypertension status
ECS participants who reported ever being told by a clinical provider that they had diabetes or pre-diabetes were categorized as having diabetes. ECS participants who reported ever being told by a clinical provider that they had hypertension or pre-hypertension were categorized as having hypertension.
As a sub-analysis, we further categorized women with diabetes or hypertension as having controlled or uncontrolled disease to test the idea that competing interests during a clinical visit may affect the likelihood of cancer screening. Among those with diabetes, we defined controlled diabetes as having hemoglobin A1c values ≤ 6.5, based on literature that suggests that fewer micro-and macrovascular complications at these lower values [26] . Among those with hypertension or pre-hypertension, we defined controlled hypertension as having systolic blood pressure < 140 and diastolic blood pressure < 90 from one measured blood pressure during the clinical assessment, based on literature that suggests that fewer cardiovascular complications occur below these values [27] .
Other covariates of interest
We included several variables based upon prior studies examining factors associated with screening mammography and risk for breast cancer: age (40-49; 50-59; 60-74); race/ethnicity/nationality; marital status (unmarried, married, divorced/separated; or widowed); self-perception of social-economic status based on the Cantril self-anchoring scaling method (bottom 25%, middle 50%, and highest 25%) [28] ; education (less than high school, high school, some of college, and college and above); employment status (full employed, part-employed, and unemployed; retired); number of biological children (0, 1-4, and 5 or more); and a history of living off-island (ever lived outside of the island versus never). For race/ethnicity/nationality, ECS participants had the option to self-identify using any/all of the items listed within a set of categories. From this selection, we categorized the groups as Black or African, Caribbean, Mixed/ Multiracial (who selected the mixed category or selected more than one "race" category), Hispanic, White, or East Indian.
We also included other covariates such as family history of cancer; general mental health status as measured by the PROMIS 10 that asks participants to self-rate their mental health (excellent, very good, good, fair and poor) [29] ; alcohol use (ever drink alcohol versus never); usual source of care; and the use of hormone replacement therapy. We included the island residence of the participants.
Analytic strategy
We used Chi-square tests to describe the characteristics of our sample population of women, comparing those with timely screening mammography to those with delayed screening, comparing those with diabetes or without, and comparing those with hypertension/pre-hypertension or without. We used logistic regression analyses to model the association between timely screening mammography and our independent variable of interests (diabetes or hypertension) and other covariates. We generated several multivariate logistic models to examine the relationship between diabetes or hypertension and timely screening mammography. In our first model, we adjusted for socio-demographic characteristics: age, race/ethnicity, education, marital status, perceived economic status. In our second model, we added healthrelated characteristics: history of living off-island, family history of cancer, biological children, mental health, usual source of care, ever drink alcohol, and hormone replacement therapy. In the last model, we included the woman's island of residence (Barbados, Puerto Rico, Trinidad and Tobago, USVI). We then performed backward stepwise logistic regression to determine the covariates that were independently associated with timely mammography. For our sub-analyses, we restricted our sample to those with disease, i.e., diabetes or hypertension categorized as controlled or uncontrolled. We used Chi-square tests to describe the characteristics of those with controlled disease compared to those with uncontrolled disease. We then generated multivariate logistic models to examine the relationship between disease control and timely screening mammography. Among each sample of women with diabetes or hypertension, we then performed backward stepwise logistic regression to determine the covariates that were independently associated with timely mammography. Results with a p value of 0.05 or less were considered statistically significant. We calculated an area under the receiver operator characteristic (ROC) curve for the multivariate model to evaluate its discriminating power [30] . All analyses were performed using SAS Table 1) . Half of our sample, 52.2% (N = 439), reported receiving timely screening mammography. Women in the older age groups were more likely to report timely screening mammography. Among the older age groups, approximately 59% of those aged 50-59 and 60-74 reported timely screening mammography compared to 37.9% of women aged 40-49. Women in Puerto Rico were the most likely to report timely screening mammography as compared to women in the other island locations, with the lowest proportion in Trinidad and Tobago.
In bivariate analyses (Table 2) , those with diabetes were older, more likely to self-identify as White or Hispanic, more educated, married or divorced/separated, and have a usual source of care, and those with hypertension were more likely to be older, divorced/separated or widowed, and have usual source of care. Residents of Puerto Rico and the US Virgin Islands were more likely to report diabetes and hypertension.
In our unadjusted model, we found that women with diabetes or hypertension were more likely to have timely screening than those without disease (diabetes: odds ratio (OR) 2.60, confidence interval (CI) 1.75-3.87, p < 0.001; hypertension: OR 1.44, CI 1.09-2.89, p = 0.009). With adjustment for socio-demographics and health-related characteristics, the association between diabetes and timely screening mammography was attenuated, but significant (p < 0.01). The association between hypertension and timely screening mammography was no longer significant when the model was adjusted for socio-demographic characteristics (OR 1.21, CI 0.87-1.66). In our full model, women who had diabetes or hypertension were as likely as those without disease to have timely screening mammography (Table 3) .
We found several covariates that were independently associated with timely mammography screening ( 
Results of sub-analyses: controlled versus uncontrolled disease (diabetes or hypertension) (Supplemental tables)
Diabetes
In the sample of women with diabetes (n = 138), approximately 48% had controlled diabetes. In bivariate analyses, we found that those with controlled diabetes as compared to uncontrolled diabetes were more likely to have a higher level of education, be divorced or separated, or be residents of Puerto Rico (Supplemental Table 1 ). In unadjusted and adjusted analyses, we found that women with controlled diabetes were as likely to have timely screening as those with uncontrolled diabetes (Supplemental Table 2 ). In adjusted analyses, we found that having more than a college education, perception of economic status as middle income, and those with a family history of cancer were independently associated with timely screening mammography (data not shown).
Hypertension
In the sample of women with hypertension (n = 203), approximately 52% had controlled hypertension. In bivariate analyses, we found fewer differences among those with controlled and uncontrolled hypertension. Residents of Barbados and Puerto Rico were more likely to have controlled hypertension compared to residents of other island sites (Supplemental Table 1 ). In unadjusted analyses, we found that women with controlled hypertension as compared to uncontrolled were more likely to have timely screening mammography, but the associations were no longer significant in the adjusted models (Supplemental Table 3 ).
In adjusted analyses, we found that marital status and residence in Puerto Rico and USVI were independently associated with timely screening mammography (data not shown).
Discussion
Given the high burden of non-communicable diseases in the Caribbean, this study adds to our current understanding about the influence of chronic disease status on the receipt of cancer screening services. In our ECS sample of women, more than half had timely screening mammography. Almost 16 and 47% of the sample had been told by a provider that they had diabetes or hypertension, respectively, prior to joining the study. We found that having either diabetes or hypertension was not associated with receipt of timely screening mammography. Factors such as having a usual source of care and a woman's island of residence were independently associated with timely screening mammography. Similar to a few prior studies, we found that women with diabetes or hypertension were as likely as those without disease to have timely screening mammography when all individual and societal factors were considered. However, the partially adjusted analyses suggest that differences exist between those with diabetes compared to those without diabetes. In our partially adjusted models, those with diabetes compared to those without were more likely to have timely screening mammography even after adjustment of socio-demographic and health-related characteristics. We hypothesize that social determinants of health may have greater influence on likelihood of screening in less-resourced settings. We found that several characteristics that are traditionally associated with having more resources, such as higher level of education, were independently associated with timely screening mammography. This finding was even more striking when analyses were restricted to only women with chronic disease. Irrespective of diabetes control status, women with higher levels of education had increased odds of receiving timely screening mammography. In limited resource settings, individuals with more resources through education, for example, are more likely to access and have interactions with healthcare providers and thereby have more opportunities to be offered counseling about and referrals to cancer screening [31, 32] . Although neither having [15, 17, 18] . Importantly, we found a strong association between contextual determinants of health, such as island of residence and having a usual source of care, and timely screening mammography. Women residing in the US territories were more likely to have timely screening. Differences in each of the islands' affordability, availability and accessibility of mammography, and health promotion practices, such as the presence and goals of national breast cancer screening programs, likely influence timely screening mammography [1] . A Pan-American Health Organization (PAHO) report stated that the Caribbean region mostly has opportunistic breast cancer screening programs, which requires self-or healthcare provider-referral to obtain a mammography [1] . Having a relationship with a healthcare provider would then most likely increase the likelihood of obtaining a screening mammography. In countries with opportunistic breast cancer screening programs, having a usual source of care may be leveraged to improve cancer screening. Having a usual source of care increases the likelihood of preventive health education about the importance of obtaining cancer screening, such as provider counseling and recommendations about mammography screening [31, 32] . Previous studies have documented the role of clinical providers in chronic disease prevention and control [33] ; therefore, these providers would be important targets for improving screening mammography uptake among their patients. Future work should aim to examine accessibility and availability of mammography services, identify strategies that increase having a usual source of care among women, and examine the role and practices of providers as a mechanism to increase rates of screening mammography.
Understanding and improving specific island-level strategies for screening mammography will also be important to improve screening rates among all eligible women. Studies of Caribbean women living in other countries have described values and beliefs that affect timely screening [34, 35] . For example, women who identified as East Indian, mostly residing in Trinidad and Tobago, are the least likely to obtain timely screening. This finding could be related to individual and contextual factors as seen in other East Indian immigrant communities, such as beliefs around cancer and challenges with access to healthcare services [36, 37] . Moreover, in Trinidad and Tobago, the use of mammography services is primarily for diagnostics purposes [38, 39] . A study conducted in Barbados demonstrated that women have negative perceptions about mammography, and this may lower screening rates in spite of the accessibility and availability [40] . Future research will need to examine each island context to elucidate factors that may contribute to women's receipt of timely screening mammography.
Our study is not without limitations. One important limitation is that we used the USPSTF guideline to operationalize timeliness of screening mammography. The USP-STF guideline, one of several guidelines used in the United States, is the most conservative of the guidelines, and, like other U.S. guidelines, is based solely on synthesis of evidence from the U.S. and so may not be applicable in other settings or in more diverse populations. Per the USPSTF guidelines, we did not include other forms of breast cancer screening, such as self-and provider-breast examinations, although they are recommended screening practices in resource limited areas [24, [41] [42] [43] [44] [45] . There may be self-report bias in determining eligibility as there could be individuals who are undiagnosed with diabetes or hypertension at baseline. Further, the inclusion of pre-diabetes and prehypertension in our independent variable may have affected our results. We would hypothesize that healthy individuals would be less likely to see healthcare providers and therefore would push the results towards the null. The timeframe for measuring "receipt of screening mammography within the last 2 years" may have overestimated the number of women with timely screening. For example, women who completed baseline surveys in the latter half of the year would have had more time to receive screening. We did not include a measure for health insurance because of collinearity with the island-site variable. Both Barbados and Trinidad have national health insurance programs, whereas Puerto Rico and the U.S. Virgin Islands do not. For our sub-analysis, we set diabetes control at a hemoglobin A1c value of < 6.5, though tighter control has been associated with worse outcomes for older populations. Lastly, as a cross-sectional study, causation cannot be inferred from our results.
On track with PAHO's Non-Communicable Disease plan of action's goal to have 50% of women aged 50-69 receive cancer screenings, overall approximately 59% of women aged 50-69 in our sample reported timely screening mammography [1, 41] . This study serves as a starting point for exploring some of the socio-demographic, health-related, and contextual characteristics that affect timely screening mammography in the Caribbean region to improve screening rates in the other 41% [46] [47] [48] . The proportion of women with chronic diseases, such as diabetes and hypertension, is high, and the region will need to concurrently manage the burden of NCDs while implementing and strengthening cancer surveillance programs. Future ECS studies can prospectively study the effect of chronic disease control and management and timely cancer screening. ECS, along with other in-region collaboratives such as the African-Caribbean Cancer Consortium, can contribute to this growing of body of research on factors that have implications for surveillance programs to improve early cancer detection and control for the Caribbean basin mammography and to affect change through education, advocacy, and health system enhancement [38, 46, [48] [49] [50] [51] .
